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AXIAL STRENGTH OF PURLINS ATTACHED TO 
STANDING SEAM ROOF PANELS 
John A. Stolarczyk, P.E. I , James M. Fisher, Ph.D., P.E.2, Al Ghorbanpoor, Ph.D., P.E.3 
Abstract 
The purpose of this research was to determine the axial load capacity of Z-purlins with one 
flange attached to a standing seam roof system. The axial load capacity was determined by 
developing a relationship between the flexural uplift buckling strength and the axial buckling 
strength in the Z-purlin. This relationship was investigated using finite element models and by 
conducting a parametric study. At the conclusion of the parametric study, confirmatory tests 
were conducted to verify the finite element results. A relationship has been provided that relates 
the axial buckling strength in the Z-purlin to the flexural uplift buckling strength. 
This paper is a condensed version of the MBMA Research Report 99-02 (MBMA 2001). 
Introduction 
The strength of axially loaded Z-purlins having one flange attached to standing seam roof may 
be limited by either a combination of torsional buckling and lateral buckling in the plane of the 
roof, or by Euler buckling in a plane perpendicular to the roof. In the case of Z-purlins carrying 
gravity or wind loads as beams, the roof diaphragm and purlin clips provide a degree of torsional 
and lateral bracing restraint that is significant, but not necessarily sufficient, to develop the full 
strength of the cross section. 
Due to the lack of an analytical solution to determine the flexural capacity of Z-purlins having 
one flange attached to standing seam roof, full-scale tests need to be conducted to determine the 
flexural capacity of the purlin. A suggested test procedure can be found in the American Iron 
and Steel Institute Design Guide CF97-1, "A Guide to Designing with Standing Seam Roof 
Panels" (AISI 1997). 
In an effort to minimize the amount of testing required, a solution has been sought to determine a 
relationship between the axial load capacity and flexural load capacity of Z-purlins. Of specific 
interest is the relationship of the axial buckling strength with respect to the flexural uplift 
buckling strength (axial buckling strength/flexural uplift buckling strength). 
1. Project Engineer, Computerized Structural Design, Milwaukee, Wisconsin, U.S.A. 
2. Vice-President, Computerized Structural Design, Milwaukee, Wisconsin, U.S.A. 




Finite Element Modeling 
Due to the numerous combinations of parameters involved in determining the axial and flexural 
uplift buckling strength of Z-purlins, finite element models were selected to provide the basis for 
this research. The relationship chosen between the axial and flexural uplift buckling strength is 
to divide the axial capacity by the flexural capacity thus expressing the axial buckling strength as 
a percentage of the flexural buckling strength. This relationship has been termed kaf. 
To determine which parameters had the most significant influence on kaf, a parametric study was 
conducted. The parameters chosen for the study were purlin flange width, purlin thickness, 
purlin depth, purlin length, diaphragm stiffness, diaphragm rotational stiffness and purlin sweep 
(resulting from initial purlin out-of-straightness and tab slip on the standing seam roof clip). For 
each parameter, values that represented the low and high values, based on industry standards, 
were required to illustrate the effect each parameter had on kaf. The values used for each 
parameter are listed below: 
Purlin Flange Width: 2-inches and 3.5-inches 
Purlin Thickness, (t): 0.061-inches, 0.082-inches, 0.105-inches and 0.120-inches 
Purlin Depth (d): 8-inches and 12-inches 
Purlin Length: 20-feet and 30-feet 
Diaphragm Stiffness: 0.6 Klin. and 2.4 Klin. 
Diaphragm Rotational Stiffness: 1.2 K-in.lrad. and 14.4 K-in.lrad. 
Purlin Sweep: O-inches and 2-inches 
For each of the above values, a finite element model was created for an axial loaded condition 
and one for a flexural uplift condition. Upon completion of the initial models, the results 
indicated that the purlin thickness had the most significant effect on kaf. Therefore, two 
additional purlin thicknesses were added to provide additional data points. 
Two hundred fifty six (256) data points were obtained from the finite element modeling (512 
models, 1 axial model and 1 flexural model make one kaf data point). Illustrated in Figure 1 is a 
schematic of the finite element model used in the study. Each end of the model was torsionally 
restrained. The supported end of the model was held against translation and the loaded end was 
released for axial translation. Along the top flange, lateral and torsional springs were located to 
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Figure 1: Finite Element Model 
The results from the finite element analyses were in terms of elastic buckling stresses. To 
compare the results of the finite element analyses with the experimental results it is required that 
the elastic buckling stresses be truncated. The equations required to make these corrections are 
AISI Specification Eq. C3.1.2-2 through AISI Specification Eq. C3.1.2-4 for flexural buckling 
and AISI Specification Eq. C4-2 through AISI Specification Eq. C4-4 for axial buckling (AISI 
1996). 
In some cases the flexural stresses calculated from the models were higher than what were 
obtained in experimental tests. Reviewing experimental test results revealed that the strength 
aspects of the standing seam roof system were not considered in the finite element analysis. For 
example, in some cases the failure mode experienced in the experimental tests was fracturing of 
the panel clips, which attach the panel to the Z-purlin. Based on these observations, in 
conjunction with calculated experimental flexural test results, the stresses obtained from the 
finite element models were truncated to a level that approximated the upper bound experimental 
test results. This maximum flexural stress level was chosen at 35 ksi. The maximum flexural 
stress obtained from the experimental test results was 38.7 ksi. 
Similar to the flexural tests, the axial stress in each purlin obtained from the finite element 
models was truncated. The maximum axial stress obtained from the available experimental tests 
was 16.8 ksi. The cutoff axial stress was chosen at 18 ksi. 
Comparing each of the individual parameters, plus combinations of parameters, with kaf showed 
considerable amounts of scatter, and many comparisons showed no correlation. It was noted that 
the best correlation with respect to kaf was obtained with the depth to thickness ratio, d/t (shown 
in Figure 2). The ranges obtained for kaf were between 0.16 through 0.51. This indicates that the 
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axial buckling strength of the Z-purlins modeled ranges from 16% to 51 % of the flexural uplift 
buckling strength. 
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Figure 2: kaf vs. dlt 
Experimental Tests 
The purpose of the experimental phase of the research was to confirm the results of the finite 
element modeling. 
To validate the results of the finite element modeling, full-scale axial and flexural uplift tests 
needed to be conducted. In an effort to reduce the number of tests, manufacturers were sought 
that had already conducted flexural uplift tests on Z-purlins with one flange attached to standing 
seam roof. Four Z-purlinlpanel/clip assemblies were chosen for the experimental phase of this 
research. A brief description of each of the test assemblies is listed below. 
Assembly #1: 
• Panel type: Trapezoidal (24-inch coverage) 
• Clip type: Sliding (2 screws placed across the width of the flange) 
• Purlin Geometry: 0.120 x 2.5 x 8.5 x 30 feet long 
(thickness x flange width x depth x length) 
• Insulation: 6-inch high density fiberglass insulation 
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Assembly #2: 
• Panel type: Pan (I6-inch coverage) 
• Clip type: Sliding (2 screws placed at the center of the purlin flange) 
• Purlin Geometry: 0.120 x 2.5 x 8.5 x 30 feet long 
• Insulation: 6-inch high density fiberglass insulation plus thermal block (Styrofoam 
insulation) placed between each clip 
Assembly #3: 
Panel type: Pan (I8-inch coverage, panel was not seamed) 
Clip type: Sliding (2 screws placed across the width of the flange) 
• Purlin Geometry: 0.100 x 2.5 x 8 x 23 feet long 
Insulation: Thermal block (Styrofoam insulation) placed between each panel clip 
Assembly #4: 
• Panel type: Pan (I8-inch coverage, panel was not seamed) 
Clip type: Sliding (2 screws placed across the width of the flange) 
• Purlin Geometry: 0.060 x 2.5 x 8 x 23 feet long 
• Insulation: Thermal block (Styrofoam insulation) placed between each panel clip 
The procedure for conducting each flexural uplift test is outlined under the "Base Test Method 
for Purlins Supporting a Standing Seam Roof' in Appendix A of the AISI Cold-Formed Steel 
Design Manual, Supplement No.1 (AISI 1999). 
The setup for conducting each axial load test was similar to that of the base test setup. Details 
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Figure 3: Plan View of Axial Test Set up 
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Figure 4: Attachment of Load Beam to Z·purlin 
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The results of the axial and flexural tests are tabulated in Table 1 and Table 2, respectively. 
Table 3 contains the experimental values of kaf. Test numbers described as A1, Fl, etc. pertain 
to axial and flexural test results, respectively. The number designations of 1, 2, 3 or 4 pertain to 
the standing seam roof assembly used, as described above. 
Test No. Failure Load, Failure 
(kips/gurlin) Mode 
A1 24.9 1,2 
A2 27.5 1 
A3 20.8 3 
A4 8.1 3 
Table 1: Results of Axial Tests 
Test No. Nominal Span, Test Moment, Failure 
Ft. (Ft.-Kip/purlin) Mode 
F1 30 10.3 2,5 
F2 30 9 .. 8 4 
F3 23 9.3 4,2 
F4 23 4.9 4 
Table 2: Results of Flexural Tests 
Failure Mode Key: 
1. Lateral Buckle of Unsupported Flange. 
2. Clips sheared. 
3. Clip failure, panel seam not ladequate to laterally support purlin. Clips slid within 
seam. 
4. Lateral torsional inelastic buckling of flange and web at maximum moment 
region. 
5. Purlin rolled (lateral torsional buckle, no local buckling). 
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Test No. Axial Gross Axial Bending Effective Bending kat 
Load, Area, Stress, Moment, Section Stress, 
(kips) (in2) (ksi) (ft-kip) Modulus 
(in3) 
(ksi) 
Al 24.9 1.71 14.6 - - - 0.48 
F1 - - - 10.27 4.05 30.4 
A2 27.5 1.67 16.5 - - - 0.58 F2 - - - 9.76 4.10 28.5 
A3 20.8 1.33 15.6 - - - 0.47 
F3 - - - 9.28 3.36 33.1 
A4 8.1 0.85 9.5 - - - 0.33 
F4 - - - 4.89 2.02 29.1 
Table 3: Experimental Values of kat 
Comparison of Finite Element and Experimental Results 
Figure 5 is a graph with the experimental values of kaf superimposed over the finite element 
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Figure 5: Experimental vs. Analytical kac Values 
558 
Based on the amount of scatter present in the analytical research, a solution that incorporates the 
lower bound is suggested. Illustrated in Figure 6 is the proposed curve drawn through the 
analytical data. While a number of data points fall below the curve at the high values of dlt, it 
should be noted that the current AISI Specification (AISI 1996) limits dlt to 170. 
From Figure 9, the relationship between k.f and dlt can be expressed as shown in Equations 1 
through 3. 
For dlt ~ 90; 
For 90 < dlt ~ 130; 
For dlt > 130; 
k.f= 0.36 






























Figure 6: Proposed Solution 
Tables 4 and 5 compare the predicted axial loads resulting from Equations 1 through 3 with the 
experimental test results. By using a lower bound approach it can be seen that the predicted 
capacities range from 60 to 76 percent of the experimental test results. 
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Test Flexural Stress dit kaf Axial Stress, Gross Area, Predicted 
No. at Failure, ksi ksi in2 Load, kips 
Fl 30.4 71 0.36 10.9 1.71 18.7 
F2 28.5 74 0.36 10.3 1.67 17.1 
F3 33.1 83 0.36 11.9 1.33 15.8 
F4 29.1 133 0.20 5.8 0.85 4.9 
Table 4: Predicted Axial Load from Flexural Test Results 
Test No. Predicted, Tested, PredictedlTested 
kips kips 
Al 18.7 24.9 0.75 
A2 17.1 27.5 0.62 
A3 15.8 20.8 0.76 
A4 4.9 8.1 0.60 
Table 5: Predicted vs. Experimental Axial Test Results 
Design Recommendations 
The following has been proposed as a future addition to the AISI Specification. 
C4.7 Compression Members Having One Flange Fastened to Standing Seam Roof 
These provisions are applicable to Z-sections concentrically loaded along their longitudinal axis, 
with only one flange attached to standing seam roof panels. Alternatively, design values for a 
particular system shall be permitted to be based on discrete point bracing locations, or on tests 
according to Section F. 
The nominal axial strength of simple span or continuous Z-sections shall be calculated as 
follows: 
(a) For weak axis nominal strength 
Pn = kafRFyA kips (Newtons) 
n = 1.80 (ASD) 
G> = 0.85 (LRFD) 
where: 
kaf = 0.36; for dit :s; 90 
d 0.72 - --; for 90 < dit:S; 130 
250t 





R = The reduction factor determined from uplift tests performed using the "Base Test 
Method for Purlins Supporting a Standing Seam Roof System" of Part VIII of the AISI 
Cold-Formed Steel Design Specification (AISI 1999). 
A = The full unreduced cross-sectional area of the Z-section. 
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Fy as defined in Section C3.1.1 
Eq. C4.7-1 shall be limited to roof systems meeting the following conditions: 
(1) Purlin thickness, 0.054 in. (1.37 mm) ~ t ~ 0.125-inches (3.22 mm) 
(2) 6-inches (152 mm) ~ d ~ 12-inches (305 mm) 
(3) Flanges are edge stiffened compression elements 
(4) 70 ~ d/t ~ 170 
(5) 2.8 ~ d/b < 5 
(6) 16 ~ flangeflatwidth < 50 
t 
(7) Both flanges are prevented from moving laterally at the supports 
(8) Yield Strength, Fy ~ 70 ksi 
(b) For strong axis nominal strength, the equations contained in Section C4 and C4.1 of the 
Specification shall be used. 
Note: In the AISI Specification the following definitions of the Z-section are used: b = flange 
width, d = depth, and t = thickness. 
Conclusions 
1. Based on the purlin uplift flexural strength, a design expression for determining the axial 
load nominal strength has been determined for standing seam roof systems. 
2. It is suggested that additional full-scale tests be conducted in an effort to increase the 
number of experimental data points, so that a more accurate solution can be obtained. 
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